INTRODUCTION
============

Metal-ceramic restorations have been used for a long time in prosthodontics and constitute a reliable choice for restoring dentition. However, they have several disadvantages. One of the esthetic disadvantages is the opacity of the metal framework and the metallic reflection through gingiva during smiling when the patient has a delicate gingival tissue and a high lip line. Also, the non-precious metal alloy framework may cause allergic reactions more frequently than precious alloys or ceramics and can exhibit corrosion problems.[@B1][@B2] Recently all-ceramic restorations are preferred to metal-ceramic restorations in order to overcome these disadvantages, especially the ones related to esthetics. Although all-ceramic restorations are more translucent compared to restorations with a metal framework, not all of these materials can be used in the posterior region. Zirconia is a ceramic material that can be used in the posterior region because of its high flexural strength. One of the reasons for this high flexural strength is its high crystalline content; at the same time, its translucency decreases from the same reason and compromises the esthetics.[@B3]

Translucency of a ceramic material greatly affects the esthetics of a restoration as well as its shade. It has an influence on the natural appearance of the restoration.[@B3] Translucency feature is also used to isolate or reflect the underlying abutment color to achieve the target shade. Materials with higher translucency are used to restore light-shaded natural teeth while materials with lower translucency are used to restore or mask dark-shaded teeth.[@B4] The translucency of a ceramic material can be adjusted by controlling the absorption, reflection, and transmission of light.[@B5] As the scattering and reflectance of the light increase, the opacity of the material also increases. Lower reflectance and higher transmission of light result in the increase of the translucency.[@B6] A previous work on zirconia has demonstrated that scattering has a predominance over absorption especially for medium and high wavelength light in the range of 400-700 nm.[@B7] Therefore, scattering is an important factor that affects the translucency of a ceramic material.[@B8] The scattering characteristic of light is related to the crystalline content of dental ceramics. It has been stated that the particle size of the zirconia is an important factor for the scattering effect only when the particle size is similar to the wavelength of light.[@B9] The particles of zirconia also have a different refractive index from that of the zirconia matrix and the increased scattering effect of the matrix is another reason for the opaque appearance of zirconia.[@B4][@B8][@B9] Porosity can also affect the translucency of zirconia due to the different refractive indices of zirconia and air.[@B10][@B11] Another factor influencing the translucency of a restoration is its thickness.[@B7] As ceramic material gets thicker, the scattering profile becomes less directed.[@B12]

It has been shown that zirconia has low translucency among ceramic materials.[@B10][@B13] Due to the material\'s low translucency, zirconia restorations are usually used with a veneer layer of feldspathic ceramic to overcome the problem of opacity. The veneering ceramic provides a more translucent appearance for zirconia restorations, thus achieving a more natural appearance.

The shade match is another important factor for esthetics. In order to match the shade, colored zirconia has been introduced to the market. The layering procedure of the veneering ceramic is simplified when the framework has a color match with the target shade. The veneer thickness required to mask the whiteness of the underlying zirconia framework can be reduced. The use of liner material applied before layering the veneer layer to mask the zirconia framework can also be eliminated.[@B14] Some argued that the structure and the translucency of the material can be affected by the coloring procedures of zirconia.[@B14][@B15] However, there are also data claiming that the translucency parameters of colored and non-colored zirconia specimens do not display significant difference.[@B16]

Although the thickness of the veneer layer can be reduced with colored zirconia framework, chipping of the veneer ceramic still remains a major problem.[@B17] To overcome this problem, monolithic zirconia without a veneer ceramic layer was introduced to the market. Although monolithic zirconia is a new alternative to veneered zirconia restorations, there are a limited number of studies about its translucency.[@B18][@B19] Also, monolithic zirconia has not been compared with colored framework zirconia previously.

The aim of this study was to evaluate the translucencies of colored and non-colored framework material zirconia and monolithic zirconia. The null hypothesis to be tested is that there is no difference between the translucencies of colored and non-colored framework material zirconia and monolithic zirconia.

MATERIALS AND METHODS
=====================

Blocks of yttria stabilized tetragonal zirconia polycrystals (Y-TZP) were sliced using a slow-speed diamond saw (Isomet wafering blades, Buehler, IL, USA) and a precise cutting machine (Mecatome T1800, Presi, Grenoble, France) into rectangular plate slices with a thickness of 0.5 mm, length of 15 mm, and height of 12 mm after sintering. The specimens were ground with sandpaper up to 2400 grits (A-1-2400MR1-10-1508, Reflex Concept, Presi, Grenoble, France).

The samples were divided into 3 groups consisting of 5 samples each. The control group of non-colored framework material zirconia (Z) and the experimental groups of colored framework material zirconia (CZ) and monolithic zirconia (MZ) are displayed in [Table 1](#T1){ref-type="table"}.

The coloring procedure of CZ group was carried out with the coloring liquid (CB00025B, Color Liquid for ICE Zirkon, Zirkonzahn GmbH, Gais, Italy) of the color of Vita Classic Scale A3 (Vita Zahnfabrik, H Rauter GmbH & Co., Bad Sackingen, Germany). The samples were immersed into the coloring liquid using plastic tweezers, held for 3 seconds, and dried under a heating lamp (Zirkonlampe 250, Zirkonzahn GmbH, Gais, Italy) for 30 minutes as recommended by the manufacturer. After coloring, all samples were sintered in the sintering furnace (Zirkonofen 600 V/2, Zirkonzahn GmbH, Gais, Italy). The sintering procedures recommended by the manufacturer are described in [Table 2](#T2){ref-type="table"}. After the sintering procedure, all specimens were carefully measured using a digital caliper (500-784, Mitutoyo Co., Kawasaki, Japan) from five different points on the specimen to ensure the even thickness of 0.5 mm.

Translucency values were measured relative to the standard illuminant D65 in the reflectance mode on white and black backgrounds with a spectrophotometer (VITA Easyshade Compact, Bad Sackingen, Germany). Three measurements were made to obtain CIE Lightness (L^\*^) of the material over a white background (L^\*^ = 91.2, a^\*^ = -1.9, b^\*^ = 1.6) and over a black background (L^\*^ = 0.1, a^\*^ = -4.9, b^\*^ = 0.2). Contrast ratio (CR) was calculated as a translucency parameter. The following equation was used:

CR = L^\*^b / L^\*^w

L^\*^b: CIE Lightness of the material on a black background

L^\*^w: CIE Lightness of the material on a white background

CR value towards unity corresponds to opaque materials and towards zero to transparent materials.[@B6]

One specimen from each group was chosen for scanning electron microscope (SEM) analysis. The specimens were ultrasonically cleaned and gold sputtered for 20 seconds. Surface topography was evaluated under a scanning electron microscope (JSM 6300F, Joel Ltd., Tokyo, Japan) operating at 20 kV with a working distance of 11.5-12.0 mm. The determined areas of the SEM images were divided by the number of grains in order to calculate the mean grain size at magnification of × 20,000.

The descriptive statistics were carried out with the SPSS software (Version 10.0, SPSS Inc., Chicago, IL, USA). The obtained data were analyzed by using the one-way ANOVA and Tukey\'s HSD tests for pairwise comparisons of the groups. The analysis was performed with a confidence level of 0.05.

RESULTS
=======

The results of the mean translucency values of the different zirconia cores are shown in [Table 3](#T3){ref-type="table"}. The one-way ANOVA test revealed that translucency of zirconia materials was affected by the coloring procedure and the zirconia type. Significant differences were observed between the CR values of the groups. MZ group had the lowest CR value while Z group had the highest one.

The SEM images of the specimens are displayed in [Fig. 1](#F1){ref-type="fig"}. The grain sizes of each group varied from 233 nm to 361 nm where the Z group had the smallest and the MZ group had the largest grain size ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

The current study has evaluated the translucency of monolithic zirconia ceramic introduced for crown and bridge restorations. The results have shown that monolithic zirconia ceramic was more opaque than the colored or non-colored framework material zirconia, rejecting the null hypothesis. This interesting finding was against the claims of the manufacturer who has stated that monolithic zirconia was more translucent than the zirconia used as framework material in bilayered restorations.[@B20]

Although there was no difference in the contents of framework zirconia and monolithic zirconia evaluated in the current study according to the information obtained from the manufacturer, their CR values varied. This probably resulted from the different sintering procedures of the monolithic zirconia group and colored and non-colored framework zirconia groups. The MZ group\'s final sintering temperature is 100℃ higher than the Z and CZ groups\'. It was argued that final sintering temperature affects the properties of ceramics on the microstructure and the crystalline phases.[@B21][@B22] Dwelling time in the sintering furnace as well as sintering temperature also has an influence on zirconia grain size.[@B23] High sintering temperature or increased dwelling time is stated to cause an increase in the grain size of zirconia materials.[@B21][@B24][@B25][@B26] In the current study, two hours of dwelling time was the same for both MZ group and CZ and Z groups. Thus maximum sintering temperature remained as the main factor to generate the difference among the groups. SEM evaluations has shown that larger grain size was formed in MZ group which was sintered at a higher temperature of 1,600℃. The grain sizes of the other groups which were sintered at 1,500℃ were smaller supporting this statement ([Fig. 1](#F1){ref-type="fig"}, [Fig. 2](#F2){ref-type="fig"}).

According to a previous study about optical properties of zirconia, scattering coefficient of zirconia is higher than absorption coefficient of zirconia.[@B7] So it can be supposed that scattering of light is more predominant than its absorption. Light scattering, which is inversely proportional to translucency, is related to the grain size of the material. If the grain size and the wavelength of a certain light are in a similar range, the light scattering activity increases as the grain size increases. But if the grain size is much larger than the wavelength of light, light scattering decreases as grain size increases, regardless of the wavelength of light.[@B27][@B28][@B29]

The light used in the current study is the spectrophotometer\'s standard illuminant D65 lamp, which has the wavelength range of 400-700 nm. The grain sizes of the Z, CZ, and MZ groups were 233, 256, and 361 nm, respectively. It can be noted that the grain sizes of all groups were smaller than the wavelength of the light. The claim that bigger grain size results in a decrease of translucency is in accordance with our results; the samples with greater grain size had higher CR values and were more opaque. The MZ group with the biggest grain size was the most opaque zirconia evaluated ([Table 3](#T3){ref-type="table"}).

However, there are contradictory results about the effect of the sintering temperature on the translucency of zirconia in the literature. There are studies claiming that higher sintering temperatures lead to a more uniform crystalline arrangement, thus promoting better specular reflection and light transmission leading to a better perception of color.[@B23][@B30][@B31] The current study is in conflict with this assumption. This conflict has probably arisen from the finding that higher sintering temperature resulted in bigger grain size. In the current study, the CR values of the groups have increased and the translucency has decreased following the increase in the grain size.

The increase in the grain size may cause an increase in the number of micropores, therefore reducing the mechanical properties of the material.[@B32] Micropore formation is a factor that can also be related to light scattering activity and translucency because there is a difference between the refractive indexes of air (n = 1) and zirconia (n = 2.1-2.2).[@B10][@B11] Therefore, low porosity is required to increase the translucency of ceramics.[@B32][@B33][@B34][@B35] It was stated that when the grain size was below microns, the effect of light scattering caused by micropores between the grains was significantly reduced. Pores bigger than 50 nm could cause significant scattering. Maximum scattering efficiency was observed when the pore size was in the range of wavelength of the light.[@B27][@B36][@B37][@B38] In this study, micropore formation was not observed in the SEM images of the groups ([Fig. 1](#F1){ref-type="fig"}, [Fig. 2](#F2){ref-type="fig"}). Also, the grain size of the specimens was in the nm range, far below the microns. So it can be concluded that the differences between the CR values of the groups are attributed to light scattering caused by the grain size differences rather than light scattering caused by micropore formation.

All samples evaluated in the current study were prepared with the same thickness of 0.5 mm, as in the similar studies.[@B19][@B30][@B31][@B39] This thickness is sufficient for the use as a framework material in the bilayered zirconia restorations. However, monolithic zirconia\'s flexural strength is stated to be lower than framework zirconia material; the Z group\'s specimens had flexural strength of 1200-1400 MPa, whereas the MZ group\'s specimens had flexural strength of 1000-1200 MPa according to the manufacturer.[@B40][@B41] Therefore, monolithic zirconia ceramics should be thicker than 0.5 mm, the evaluated thickness in the current study, to increase its strength for crown and bridge restorations. Also the thickness of the restoration needs to be more than 0.5 mm at some regions of anterior teeth because its morphological properties. A larger amount of tooth structure removal can be required as a part of the tooth preparation for fixed prosthesis. Incisal area is especially important because of incisal reduction, and more translucency is needed for the area than any other part of the restoration. Thickness is another factor affecting the light transmittance and the translucency of ceramic materials.[@B10][@B42][@B43] In bilayered restorations, the more opaque zirconia material can be used minimally, and the rest of the tooth contour can be completed with the more translucent veneer ceramic.[@B10] A previous study by Pecho et al.[@B16] has shown that the translucency parameter of colored and non-colored framework zirconia specimens did not display a significant difference with human and bovine dentine. When considering that the absorption and scattering coefficients of dentin are higher than those of enamel, application of the framework zirconia materials as a replacement of enamel may not be esthetically satisfying. Monolithic material can be used as the whole thickness. Therefore, monolithic zirconia restorations are expected to be more opaque than framework zirconia. The translucency value of CZ group was also found to be significantly lower than the Z group as well as MZ group in the current study. This finding is in accordance with other studies.[@B18][@B39][@B44] Similar results were related to the darker pigmentation of the CZ specimens previously. It was claimed that higher chroma affected the light reflection.[@B44][@B45] This explanation is also compatible with the results of the current study when it is considered that the difference in the grain size of CZ and Z groups is minimal. It was also stated that the pigments existing in the colored specimens were probably responsible for the absorption.[@B7] So the significant difference between the CR values should be attributed to the coloring procedure rather than the grain size.

It was reported that the difference between the CR values should be equal to or greater than 0.07 to be perceived with the naked eye.[@B46] Although the differences between the CR values of the groups were statistically significant, it did not exceed 0.05. So it can be stated that the difference in the translucency of the samples cannot be perceived with the naked eye at the thickness of 0.5 mm.

Several limitations can be listed for the current study. No veneering ceramic was applied. This decision was made to produce uniform samples for Z, CZ and MZ groups, but it does not correspond to the clinical situation. Only one brand of zirconia material and only one specimen thickness were tested for all groups, and the effect of aging was not considered. In further studies the authors would like to advise the investigation of the translucency of thicker than 0.5 mm zirconia types as they can be used in clinical situations as well as veneered zirconia specimens with different shades.

Monolithic zirconia has several advantages such as overcoming the problem of veneer chipping and its higher fracture strength than bilayered zirconia restorations because of its increased thickness. Although monolithic zirconia may not be the best possible esthetic material in the anterior region, it constitutes an alternative in the posterior region for the bilayered zirconia restorations.

CONCLUSION
==========

Within the limitations of this *in vitro* study, it can be concluded that monolithic zirconia has bigger grain size and is less translucent when compared with framework material zirconia. Secondly, colored zirconia framework material has similar grain size and is less translucent when compared with non-colored framework material zirconia.

![The SEM images of the groups (× 20,000). The differences in the grain sizes can be observed. (A) Group Z, (B) Group CZ, (C) Group MZ.](jap-8-181-g001){#F1}

![The grain sizes of the Z, CZ and MZ groups (nm).](jap-8-181-g002){#F2}

###### The materials evaluated and their related information

![](jap-8-181-i001)

  Group                                      Utilization   Color   Manufacturer
  ------------------------------------------ ------------- ------- ---------------------------------------------------------
  Zirconia framework material (Z)            Framework     None    ZRAB8001, ICE Zirkonia, Zirkonzahn GmbH, Gais, Italy
  Colored zirconia framework material (CZ)   Framework     A3      ZRAB8001, ICE Zirkonia, Zirkonzahn GmbH, Gais, Italy
  Monolithic zirconia (MZ)                   Monolithic    None    ZRAD8001, Prettau Zirconia Zirkonzahn GmbH, Gais, Italy

###### Recommended sintering parameters of the specimens

![](jap-8-181-i002)

           Final temperature   Time for temperature rise (20℃ to 1500℃)   Time at 1500℃   Cooling rate (℃/min)
  -------- ------------------- ------------------------------------------ --------------- ----------------------
  Z / CZ   1500℃               3 h                                        2 h             8
  MZ       1600℃               3 h                                        2 h             8

###### The mean CR values of the groups and their comparisons

![](jap-8-181-i003)

  Group code   Mean (± SD)         *P* value            
  ------------ ------------------- ----------- -------- --------
  Z            0.7482 (± 0.0041)   \-          ≤ .001   ≤ .001
  CZ           0.7864 (± 0.0040)   ≤ .001      \-       .006
  MZ           0.7964 (± 0.0040)   ≤ .001      .006     \-

The difference between the groups is significant if the *P* value smaller than the .05 level.
